Molecular genetics of the human MHC complement gene cluster.
The human major histocompatibility complex (MHC) complement gene cluster (MCGC) is a highly variable region that is characterized by polymorphisms, variations in gene size and gene number, and associations with diseases. Deficiencies in complement C2 are either due to abolition of C2 protein synthesis by mini-deletions that caused frameshift mutations, or blocked secretion of the C2 protein by single amino acid substitutions. One, two or three C4 genes may be present in a human MCGC haplotype and these genes may code for C4A, C4B, or both. Deficiencies of C4A or C4B proteins are attributed to the expression of identical C4 isotypes or allotypes from the C4 loci, the absence or deletion of a C4 gene, 2-bp insertion at exon 29 or 1-bp deletion at exon 20 that caused frameshift mutations. The C4 genes are either 21 or 14.6 kb in size due to the presence of endogenous retrovirus HERV-K(C4) in the intron 9 of long C4 genes. A deletion or duplication of a C4 gene is always accompanied by its neighboring genes, RP at the 5' region, and CYP21 and TNX at the 3' region. These four genes form a genetic unit termed the RCCX module. In an RCCX bimodular structure, the pseudogene CYP21A, and partially duplicated gene segments TNXA and RP2 are present between the two C4 loci. The RCCX modular variations in gene number and gene size contributed to unequal crossovers and exchanges of polymorphic sequences/mutations, resulting in the homogenization of C4 polymorphisms and acquisitions of deleterious mutations in RP1, C4A, C4B, CYP21B and TNXB genes. RD, SKI2W, DOM3Z and RP1 are the four novel genes found between Bf and C4. RD and Ski2w proteins may be related to RNA splicing, RNA turnover and regulation of translation. The functions of Dom3z and RP1 are being investigated. The complete genomic DNA sequence between C2 and TNX is now available. This should facilitate a complete documentation of polymorphisms, mutations and disease associations for the MCGC.